Pentacyanoferrate-bound poly(1-vinylimidazole) (PVI[Fe(CN) 
Japan). POD from horseradish (257 U mg −1 ), SOD from microorganism (16.6 U mg −1 ), 104
CRH from microorganism (13 U mg −1 ), and CNH from microorganism (258 U mg −1 ) 105 were purchased from Toyobo Co. (Osaka, Japan). 1-Vinylimidazole, PEGDGE and 106 Nafion (5 wt% in mixture of lower aliphatic alcohols and water, contains 45% water) 107
were from Sigma-Aldrich (USA). UA solution was prepared by dissolving in 10 mM 108 NaOH, and the enzymes, substrates, AA and PEGDGE solutions were prepared using 109 100 mM phosphate buffer (pH 7.0). Other chemicals were of analytical grade and used 110 as received. Urine samples were donated from healthy people. 111
Synthesis of PVI[Fe(CN) 5 ] 112
Poly(1-vinylimidazole) (PVI) was synthesized according to the literature [20] . In 113 brief, 6 mL of 1-vinylimidazole was mixed with 0.5 g of AIBN and was heated under 114 stirring at 70 °C for 2 h in Ar. After cooling, the yellow precipitate was dissolved by 115 adding methanol, followed by adding dropwise to acetone under strong stirring. White was prepared in a 10 mM phosphate buffer solution at pH 7.0. 123
Fabrication of enzymes and PVI[Fe(CN) 5 ]-modified electrode 124
The surface of a GC electrode (3 mm diameter, BAS) was polished with alumina 125 powder, washed with distilled water and dried before use. Two μL of PVI[Fe(CN) 5 ], 1 126 μL of PEGDGE and 2 μL of enzyme solution were successively cast onto the surface of 127 GC electrode and well mixed with a syringe needle. The electrode was dried at 4 °C for 128 24 h. Before measurements, the proposed electrode was immersed into 100 mM 129 phosphate buffer (pH 7.0) for at least 30 min. For interference tests, 5 μL of 1% Nafion 130 in ethanol was cast onto the surface of the proposed electrode and air-dried before 131 immersing into buffer. 132
Electrochemical measurements 133 10
All electrochemical investigations were carried out in 100 mM phosphate buffer (pH 134 7.0) under moderate stirring at 25 °C with an electrochemical analyzer (BAS CV 50 W, 135 BAS Inc., Japan). A platinum wire electrode and an Ag|AgCl sat. KCl electrode were 136 used as the counter and the reference electrodes, respectively. 137
Creatinine determination by Jaffe method 138
This electro-enzymatic method was compared with spectrophotometric Jaffe method 139
[21]. One hundred μL of urine sample or creatinine standard solution 0.5− .5 g mL −1 ) 140 prepared in a 10 mM HCl solution was added into a reagent solution containing 2 mL of 141 saturated picric acid solution and 150 μL of 10 wt% NaOH. After the 10-min incubation 142 at room temperature, 7.75 mL of distilled water was added into the resulting solution for 143 5 min, and the absorbance at λ = 520 nm was measured with a spectrophotometer 144 (MultiSpec-1500, Shimadzu Co., Japan). Nafion film is shown in Fig. 4. For the detection of 150 μ creatinine, the 219 amperometric response with the Nafion-coated electrode was smaller than that 220 measured the electrode without Nafion film because of the inhibition of the mass 221 transfer. However, the interference effect was eliminated by the protection of Nafion 222
film, while the current responses of 150 μM UA and 10 μM AA were observed at the 223 electrode without Nafion film. In the case of urine, the normal concentrations of 224 creatinine and UA are in the same level [27] , and the concentration of creatinine is about 225 thirty times higher than that of AA [28] . This means that Nafion used as a protecting 226 film satisfies the creatinine determination in real urine samples. 227
Internal creatine in urine might also interfere with creatinine determination since it 228 reacts with CRH immobilized on the enzymes-PVI[Fe(CN) 5 ]-modified electrode to 229 result in the overestimation of creatinine. In the case of urine, the excretion rate of 230 creatinine is about twenty times higher than that of creatine [29] . In our experiment, as 231 the concentration ratio of creatine to creatinine is 6.7% (10 μM creatine/150 μM 232 creatinine), the signal ratio of creatine to creatinine is only about 2% (data not shown) 233 though H 2 O 2 generation from creatine requires fewer enzymatic steps than that from 234 creatinine. It can be described that in neutral pH, creatinine is positively charged while 235 16 creatine is a zwitterion, therefore creatinine is easier to penetrate the negatively charged 236 Nafion film into the enzyme layer to get a larger amperometric response [30] . As a 237 result, the internal creatine in urine does not significantly affect the creatinine 238 determination in our method. 239
Comparison with Jaffe method 240
The amperometric response for the optimized biosensing electrode −0.1 V is 241 presented in Fig. 5 . The detection limit of creatinine is 12 μM and the linear range is 242 from 12 to 400 μM (R 2 = 0.99), which is sufficient for urine sample test. This method 243 was applied to the creatinine determination of urine from four donators and was 244 compared with Jaffe method which is widely used in clinical diagnosis. In the 245 electro-enzymatic method, 10 μL of urine sample was injected into 1 mL of 100 mM 246 phosphate buffer (pH 7.0) for measurements. Table 1 
Conclusion 261
The creatinine biosensor based on the reductive H 2 O 2 detection was successfully 262
developed. Pentacyanoferrate-bound polymer is suitable as a mediator and appropriate 263 for the enzyme immobilization in this biosensing system, since it only mediates the 264 POD reaction but not against the SOD reaction. The interference effect was eliminated 265 by the Nafion film and the proposed method is applicable for clinical diagnosis. 266 Electrode conditions were the same as those in Fig. 4 with Nafion film. 340 
